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DETAILED ACTION 
Drawings 

1. The drawings were received on 4/28/2006. These drawings are accepted. 

Specification 

2. The disclosure is objected to because of the following informalities: In the amendments, 
"is positive and equal to +mE . . . activated by the computer. M represents . . . L 2 and Li" should 
be "is positive and equal to +mE . . . activated by the computer, wherein m represents . . . L 2 and 
Li" for consistency. 

Appropriate correction is required. 

Claim Objections 

3. Claim 15 is objected to as being indefinite for failing to particularly point out and 
distinctly claim the subject matter which applicant regards as the invention. Claim 15 does not 
define any structural elements, only method steps. Therefore, it is unclear whether applicant 
intends to claim an apparatus or a method. 

4. Claim 1 1 is objected to because of the following informalities: it appears that the claim is 
intended to depend from claim 10 instead of claim 9. Appropriate correction is required. 

Claim Rejections - 35 USC § 103 

5. The following is a quotation of 35 U.S.C. 103(a) which forms the basis for all 

obviousness rejections set forth in this Office action: 

(a) A patent may not be obtained though the invention is not identically disclosed or described as set forth in 
section 102 of this title, if the differences between the subject matter sought to be patented and the prior art are 
such that the subject matter as a whole would have been obvious at the time the invention was made to a person 
having ordinary skill in the art to which said subject matter pertains. Patentability shall not be negatived by the 
manner in which the invention was made. 
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6. Claims 8-17 are rejected under 35 U.S.C. 103(a) as being unpatentable over Fabijanski 
(Reference AW, "Series Resonant Converter with Sandwich-Type Piezoelectric Ceramic 
Transducers", 6 th European Conference on Power Electronics and Applications, pages 591-594, 
1995) in view of Rueger et al. (US 7019436) in further view of Yamada et al. (US 5036263). 

7. With respect to claim 8, Fabijanski discloses an apparatus (Fig 6) for electronic activation 
of a driver device configured to drive at least one ultrasonic piezoelectric actuator (see figure 
below) interfaced with a control computer (see figure below), said apparatus comprising: an AC- 
to-AC step-up voltage converter (see figure below, transformer), the high voltage output of 
which is connected to an oscillating circuit that includes an actuator (see figure below) and a 
resonance inductor (see figure below); the AC-to-AC converter includes at least one transformer 
(see figure below), the at least one transformer including at least one primary winding connected 
to the voltage source by at least one drivable switch (see figure below) and a second primary 
winding configured to deliver an AC signal for excitation of the actuator (see figure below). 
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Fabijanski does not disclose expressly a DC-to-AC converter configured to receive a DC 
voltage from a voltage source, or that a voltage across the terminals of the load comprising the 
transformer, resonance inductor and actuator is a signal with a specified chopping frequency, a 
current flowing in the load is a periodic signal of a resonance frequency such that a chopping 
frequency of the signal is smaller than twice the resonance frequency, and the at least one 
drivable switch is configured to close when the current flowing in the load is zero. 

Rueger et al. teaches a piezoelectric device for a fuel injection system that includes a DC- 
to-AC converter configured to receive a DC voltage from a voltage source (item 7), the high 
voltage output of the DC-to-AC converter is connected to an oscillating circuit, the oscillating 
circuit includes an actuator (item 1) and a resonance inductor (item 2). Although Rueger does not 
discuss the presence of a DC-to-AC converter, the current through the load is an alternating 
current signal (as can be seen in Figs 11-14); therefore, as the voltage source is DC, Rueger et al. 
discloses a DC-to-AC converter. Rueger et al. also discloses that at least one drivable switch is 
configured to close when the current flowing in the load is zero (column 6, lines 3-6). 

Yamada et al. teaches a piezoelectric actuator driving apparatus that includes a DC-to-AC 
step-up voltage converter configured to receive a DC voltage from a voltage source (item 1), the 
high output of the DC-to-AC voltage converter is connected to an oscillating circuit including an 
actuator (item 6) and a resonance inductor (item 7); the DC-to-AC converter includes at least one 
transformer (item 20), the at least one transformer including at least one primary winding 
connected to the voltage source by at least one drivable switch (item 22), and a secondary 
winding configured to deliver an AC signal for excitation of the actuator (Fig 1), wherein a 
voltage across the terminals of a load comprising the transformer, resonance inductor and 
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actuator is a signal with a specified chopping frequency (column 11, lines 10-15), and a current 
flowing in the load is a periodic signal of a resonance frequency (column 6, lines 14-20) such 
that a chopping frequency of the signal is smaller than twice the resonance frequency. Although 
Yamada et al. does not discuss the chopping frequency relative to the resonance frequency, it 
would be obvious to select the chopping frequency that would result in the appropriate amount of 
charging (column 11, lines 10-15). 

At the time of invention, it would have been obvious to a person of ordinary skill in the 
art to combine the zero current switching and DC-to-AC converter of Rueger et al. and the 
chopping frequency of Yamada et al. with the apparatus of Fabijanski for the benefits of 
providing a device that is easily usable in an automobile's electrical system (column 6, lines 42- 
48 of Rueger et al.) and to provide a device in which there is a greater degree of control in the 
amount of charging (column 11, lines 10-15). 

8. With respect to claim 9, the combination of Fabijanski, Rueger et al., and Yamada et al. 
disclose the apparatus of claim 8. Fabijanski discloses that a zero current closing of the at least 
one switch is based on a transformation ratio of the transformer and of the resonance inductor 
determined as a function of an equivalent capacitance of the actuator (equations 13-15 and Fig 
9). 

9. With respect to claim 10, Fabijanski discloses an apparatus (Fig 6) for electronic 
activation of a driver device configured to drive at least one ultrasonic piezoelectric actuator (see 
figure above) interfaced with a control computer (see figure above), said apparatus comprising: 
an AC-to-AC step-up voltage converter (see figure above, transformer), the high voltage output 
of which is connected to an oscillating circuit that includes an actuator (see figure above) and a 
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resonance inductor (see figure above); the AC-to-AC converter includes at least one transformer 
(see figure above), the at least one transformer including at least one primary winding connected 
to the voltage source by at least one drivable switch (see figure above) and a second primary 
winding configured to deliver an AC signal for excitation of the actuator (see figure above). And 
a current flowing in the load is a periodic signal whose phase is advanced relative to the voltage 
across the terminals of the load (Fig 9). 

Fabijanski does not disclose expressly a DC-to-AC converter configured to receive a DC 
voltage from a voltage source, or that a voltage across the terminals of the load comprising the 
transformer, resonance inductor and actuator is a signal with a specified chopping frequency, that 
the resonance frequency of the current is such that a chopping frequency of the signal lies 
between half and twice the resonance frequency, and the at least one drivable switch is 
configured to close when the current flowing in the load is zero. 

Rueger et al. teaches a piezoelectric device for a fuel injection system that includes a DC- 
to-AC converter configured to receive a DC voltage from a voltage source (item 7), the high 
voltage output of the DC-to-AC converter is connected to an oscillating circuit, the oscillating 
circuit includes an actuator (item 1) and a resonance inductor (item 2). Although Rueger does not 
discuss the presence of a DC-to-AC converter, the current through the load is an alternating 
current signal (as can be seen in Figs 11-14); therefore, as the voltage source is DC, Rueger et al. 
discloses a DC-to-AC converter. Rueger et al. also discloses that at least one drivable switch is 
configured to close when the current flowing in the load is zero (column 6, lines 3-6). 

Yamada et al. teaches a piezoelectric actuator driving apparatus that includes a DC-to-AC 
step-up voltage converter configured to receive a DC voltage from a voltage source (item 1), the 
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high output of the DC-to-AC voltage converter is connected to an oscillating circuit including an 
actuator (item 6) and a resonance inductor (item 7); the DC-to-AC converter includes at least one 
transformer (item 20), the at least one transformer including at least one primary winding 
connected to the voltage source by at least one drivable switch (item 22), and a secondary 
winding configured to deliver an AC signal for excitation of the actuator (Fig 1), wherein a 
voltage across the terminals of a load comprising the transformer, resonance inductor and 
actuator is a signal with a specified chopping frequency (column 11, lines 10-15), and a current 
flowing in the load is a periodic signal of a resonance frequency (column 6, lines 14-20) such 
that a chopping frequency of the signal is between half and twice the resonance frequency. 
Although Yamada et al. does not discuss the chopping frequency relative to the resonance 
frequency, it would be obvious to select the chopping frequency that would result in the 
appropriate amount of charging (column 11, lines 10-15). 

At the time of invention, it would have been obvious to a person of ordinary skill in the 
art to combine the zero current switching and DC-to-AC converter of Rueger et al. and the 
chopping frequency of Yamada et al. with the apparatus of Fabijanski for the benefits of 
providing a device that is easily usable in an automobile's electrical system (column 6, lines 42- 
48 of Rueger et al.) and to provide a device in which there is a 

10. With respect to claim 1 1, the combination of Fabijanski, Rueger et al., and Yamada et al. 
disclose the apparatus of claim 10. Fabijanski discloses that a zero current closing of the at least 
one switch is based on a transformation ratio of the transformer and of the resonance inductor 
determined as a function of an equivalent capacitance of the actuator (equations 13-15 and Fig 
9). 
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1 1 . With respect to claim 12, Fabijanski discloses an apparatus (Fig 6) for electronic 
activation of a driver device configured to drive at least one ultrasonic piezoelectric actuator (see 
figure above) interfaced with a control computer (see figure above), said apparatus comprising: 
an AC-to-AC step-up voltage converter (see figure above, transformer), the high voltage output 
of which is connected to an oscillating circuit that includes an actuator (see figure above) and a 
resonance inductor (see figure above); the AC-to-AC converter includes at least one transformer 
(see figure above), the at least one transformer including at least one primary winding connected 
to the voltage source by at least one drivable switch (see figure above) and a second primary 
winding configured to deliver an AC signal for excitation of the actuator (see figure above). And 
a current flowing in the load is a periodic signal whose phase is retarded relative to the voltage 
across the terminals of the load (Fig 9). 

Fabijanski does not disclose expressly a DC-to-AC converter configured to receive a DC 
voltage from a voltage source, or that a voltage across the terminals of the load comprising the 
transformer, resonance inductor and actuator is a signal with a specified chopping frequency, that 
the resonance frequency of the current is such that a chopping frequency of the signal is greater 
than half the resonance frequency, and the at least one drivable switch is configured to close 
when the current flowing in the load is zero. 

Rueger et al. teaches a piezoelectric device for a fuel injection system that includes a DC- 
to-AC converter configured to receive a DC voltage from a voltage source (item 7), the high 
voltage output of the DC-to-AC converter is connected to an oscillating circuit, the oscillating 
circuit includes an actuator (item 1) and a resonance inductor (item 2). Although Rueger does not 
discuss the presence of a DC-to-AC converter, the current through the load is an alternating 
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current signal (as can be seen in Figs 11-14); therefore, as the voltage source is DC, Rueger et ah 
discloses a DC-to-AC converter. Rueger et al. also discloses that at least one drivable switch is 
configured to close when the current flowing in the load is zero (column 6, lines 3-6). 

Yamada et al. teaches a piezoelectric actuator driving apparatus that includes a DC-to-AC 
step-up voltage converter configured to receive a DC voltage from a voltage source (item 1), the 
high output of the DC-to-AC voltage converter is connected to an oscillating circuit including an 
actuator (item 6) and a resonance inductor (item 7); the DC-to-AC converter includes at least one 
transformer (item 20), the at least one transformer including at least one primary winding 
connected to the voltage source by at least one drivable switch (item 22), and a secondary 
winding configured to deliver an AC signal for excitation of the actuator (Fig 1), wherein a 
voltage across the terminals of a load comprising the transformer, resonance inductor and 
actuator is a signal with a specified chopping frequency (column 11, lines 10-15), and a current 
flowing in the load is a periodic signal of a resonance frequency (column 6, lines 14-20) such 
that a chopping frequency of the signal is greater than half the resonance frequency. Although 
Yamada et al. does not discuss the chopping frequency relative to the resonance frequency, it 
would be obvious to select the chopping frequency that would result in the appropriate amount of 
charging (column 11, lines 10-15). 

At the time of invention, it would have been obvious to a person of ordinary skill in the 
art to combine the zero current switching and DC-to-AC converter of Rueger et al. and the 
chopping frequency of Yamada et al. with the apparatus of Fabijanski for the benefits of 
providing a device that is easily usable in an automobile's electrical system (column 6, lines 42- 
48 of Rueger et al.) and to provide a device in which there is a 
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12. With respect to claim 13, the combination of Fabijanski, Rueger et al., and Yamada et al. 
disclose the apparatus of claim 12. Fabijanski discloses that a zero current closing of the at least 
one switch is based on a transformation ratio of the transformer and of the resonance inductor 
determined as a function of an equivalent capacitance of the actuator (equations 13-15 and Fig 

9). 

13. With respect to claim 14, the combination of Fabijanski, Rueger et al., and Yamada et al. 
disclose the apparatus of claim 8. Fabijanski discloses that the converter is configured to include 
a bridge circuit (Fig 6) containing the at least one transformer having at least one primary 
winding (see figure above), the bridge circuit being established from a first arm composed of two 
alternately drivable bridge switches connected in series (see figure above) and of at last one 
second arm parallel with the first arm and also being composed of two alternately drivable bridge 
switches connected in series (see figure above), a center point of the second arm being connected 
to a center point of the first arm by the load composed of the transformer, resonance inductor, 
and actuator (see figure above); each bridge switch including a diode and a transistor (Fig 6); the 
bridge switches are configured to be activated in phases, a first phase including . . . configured to 
be in an open position. While Fabijanski does not discuss the specifics of the timing of opening 
and closing the switches of the apparatus of Fig 6, the claimed timing sequence of claim 14 does 
not define structure, and the device of Fabijanski is capable of performing the timing sequence as 
claimed in claim 14. Additionally, the timing sequence provided would have been obvious to a 
person of ordinary skill in the art, given its intended use with fuel injectors in an internal 
combustion engine. The operation of an internal combustion engine requires a very precise 
sequence of events to occur at the correct times. The activating of the fuel injectors is a very 
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important part of this sequence of events. Therefore, the claimed timing sequence of claim 14 
would have been obvious to a person of ordinary skill in the art in order to ensure the correct 
operation of the engine. 

14. With respect to claim 1 5, the combination of Fabijanski, Rueger et al., and Yamada et al. 
discloses the apparatus of claim 14. As discussed above, Fabijanski does not discuss the specifics 
of the timing of the opening and closing of the switches of the apparatus of Fig 6. Also, as 
discussed for claim 14 above, this timing sequence would be obvious to a person of ordinary 
skill in the art given its intended use for fuel injectors in an internal combustion engine. 
Therefore, in order to use the device continually, it would have been obvious to a person of 
ordinary skill in the art to repeat the timing sequence of claim 14. 

15. With respect to claim 16, the combination of Fabijanski, Rueger et al., and Yamada et al. 
disclose the apparatus of claim 10. Fabijanski discloses that the converter is configured to 
include a bridge circuit (Fig 6) containing the at least one transformer having at least one primary 
winding (see figure above), the bridge circuit being established from a first arm composed of two 
alternately drivable bridge switches connected in series (see figure above) and of at last one 
second arm parallel with the first arm and also being composed of two alternately drivable bridge 
switches connected in series (see figure above), a center point of the second arm being connected 
to a center point of the first arm by the load composed of the transformer, resonance inductor, 
and actuator (see figure above); each bridge switch including a diode and a transistor (Fig 6); the 
bridge switches are configured to be activated in phases, a first phase including . . . configured to 
be in an open position. While Fabijanski does not discuss the specifics of the timing of opening 
and closing the switches of the apparatus of Fig 6, the claimed timing sequence of claim 16 does 
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not define structure, and the device of Fabijanski is capable of performing the timing sequence as 
claimed in claim 16. Additionally, the timing sequence provided would have been obvious to a 
person of ordinary skill in the art, given its intended use with fuel injectors in an internal 
combustion engine. The operation of an internal combustion engine requires a very precise 
sequence of events to occur at the correct times. The activating of the fuel injectors is a very 
important part of this sequence of events. Therefore, the claimed timing sequence of claim 16 
would have been obvious to a person of ordinary skill in the art in order to ensure the correct 
operation of the engine. 

16. With respect to claim 17, the combination of Fabijanski, Rueger et al., and Yamada et al. 
disclose the apparatus of claim 12. Fabijanski discloses that the converter is configured to 
include a bridge circuit (Fig 6) containing the at least one transformer having at least one primary 
winding (see figure above), the bridge circuit being established from a first arm composed of two 
alternately drivable bridge switches connected in series (see figure above) and of at last one 
second arm parallel with the first arm and also being composed of two alternately drivable bridge 
switches connected in series (see figure above), a center point of the second arm being connected 
to a center point of the first arm by the load composed of the transformer, resonance inductor, 
and actuator (see figure above); each bridge switch including a diode and a transistor (Fig 6); the 
bridge switches are configured to be activated in phases, a first phase including . . . configured to 
be in an open position. While Fabijanski does not discuss the specifics of the timing of opening 
and closing the switches of the apparatus of Fig 6, the claimed timing sequence of claim 17 does 
not define structure, and the device of Fabijanski is capable of performing the timing sequence as 
claimed in claim 17. Additionally, the timing sequence provided would have been obvious to a 
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person of ordinary skill in the art, given its intended use with fuel injectors in an internal 
combustion engine. The operation of an internal combustion engine requires a very precise 
sequence of events to occur at the correct times. The activating of the fuel injectors is a very 
important part of this sequence of events. Therefore, the claimed timing sequence of claim 17 
would have been obvious to a person of ordinary skill in the art in order to ensure the correct 
operation of the engine. 

Response to Arguments 

17. Applicant's arguments with respect to claims 1-7 have been considered but are moot in 
view of the new ground(s) of rejection. 

Conclusion 

1 8. Applicant's amendment necessitated the new ground(s) of rejection presented in this 
Office action. Accordingly, THIS ACTION IS MADE FINAL. See MPEP § 706.07(a). 
Applicant is reminded of the extension of time policy as set forth in 37 CFR 1.136(a). 

A shortened statutory period for reply to this final action is set to expire THREE 
MONTHS from the mailing date of this action. In the event a first reply is filed within TWO 
MONTHS of the mailing date of this final action and the advisory action is not mailed until after 
the end of the THREE-MONTH shortened statutory period, then the shortened statutory period 
will expire on the date the advisory action is mailed, and any extension fee pursuant to 37 
CFR 1 .136(a) will be calculated from the mailing date of the advisory action. In no event, 
however, will the statutory period for reply expire later than SIX MONTHS from the date of this 
final action. 
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Any inquiry concerning this communication or earlier communications from the 
examiner should be directed to Derek J. Rosenau whose telephone number is 571-272-8932. The 
examiner can normally be reached on Monday thru Friday 8:00-4:30. 

If attempts to reach the examiner by telephone are unsuccessful, the examiner's 
supervisor, Darren Schuberg can be reached on 571-272-2044. The fax phone number for the 
organization where this application or proceeding is assigned is 571-273-8300. 

Information regarding the status of an application may be obtained from the Patent 
Application Information Retrieval (PAIR) system. Status information for published applications 
may be obtained from either Private PAIR or Public PAIR. Status information for unpublished 
applications is available through Private PAIR only. For more information about the PAIR 
system, see http://pair-direct.uspto.gov. Should you have questions on access to the Private PAIR 
system, contact the Electronic Business Center (EBC) at 866-217-9197 (toll-free). If you would 
like assistance from a USPTO Customer Service Representative or access to the automated 
information system, call 800-786-9199 (IN USA OR CANADA) or 571-272-1000. 



Derek J Rosenau 
Examiner 
Art Unit 2834 
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6/13/06 
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